Purpose: The purpose of this retrospective study was to evaluate common clinicopathological factors and clarify the prognostic factors of small-sized peripheral-lung squamous cell carcinomas. Methods: We retrospectively reviewed 71 patients with peripheral squamous cell carcinoma ≤3 cm in diameter, who were surgically treated between January 1989 and December 2010. Patients undergoing partial lung resection without lymph node dissection were excluded. The median follow-up for living patients was 63 months. Results: The overall 3-and 5-year survival rates were 83.9% and 74.7%, respectively. Although the ROC curve of serum carcinoembryonic antigen (CEA) levels showed marginally significance (P = 0 050), multivariate analyses revealed that age (P = 0 043), lymph node metastasis (P = 0 004), and preoperative serum carcinoembryonic antigen (CEA) level (P = 0 037) were independent prognostic factors. For pathologic N0 patients, there was a significant difference for recurrence-free survival based on CEA levels: patients with normal CEA levels (n = 40), 5-year-recurrence-free rate = 93 5%; elevated CEA (n = 14), 5-year-recurrence-free rate = 72 7% (P = 0 0160). The distribution of tumor cells immunoreactive for CEA was significantly associated with serum CEA levels (P = 0 033). Conclusion: Age, lymph node metastasis, and serum CEA level are independent prognostic factors for small-sized peripheral-lung squamous cell carcinoma. 
Introduction
Among small-sized peripheral-lung carcinomas, adenocarcinoma is the most common histological type. The incidence of squamous cell carcinomas arising from peripheral lung has been increasing, although in the past, most squamous cell lung carcinomas were reported to develop in the central region of the lung. [1] [2] [3] While the characteristics of small-sized peripheral adenocarcinomas have been thoroughly investigated, there have only been a few reports published on the prognostic factors of smallsized peripheral-lung squamous cell carcinomas. [3] [4] [5] [6] In a 2006 study of patients with small (≤30 mm in diameter) peripheral squamous cell tumors,
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Maeshima et al. proposed that the size of the minimal tumor nest (defined as the smallest group of tumor cells observed in the primary tumor), a background of typical interstitial pneumonia, and lymph node metastasis were significant clinicopathological prognostic factors. 5� In 2003, Funai et al. proposed a classification of 3 subgroups, which was based on histological growth patterns and the conditions of the elastic framework of the alveolar septa; these investigators found that alveolar space-filling tumors were noninvasive cancers, irrespective of tumor size.
3�
Although the factors described in these studies may be useful prognostic factors for small-sized peripherallung squamous cell carcinoma, this has not yet been confirmed. In this retrospective study, we evaluated common clinicopathological variables of patients with small-sized peripheral-lung squamous cell tumors in an attempt to identify prognostic factors.
Materials and Methods

Patients
During a 20-year period from January 1989 through December 2010, 2681 patients underwent surgical resection for primary lung carcinoma at the Cancer Institute Hospital of the Japanese Foundation for Cancer Research in Tokyo. Patients with synchronous double cancers and patients who underwent partial lung resection without lymph node dissection because of conditions such as cardiac or pulmonary disorders were excluded. A total of 71 patients with peripheral squamous cell carcinoma ≤3 cm in diameter were included in this analysis. None of these patients had received preoperative treatments. All surgical specimens were pathologically demonstrated to be free of tumor cells at the surgical margins.
Peripheral-lung squamous cell carcinoma was defined as a tumor located in or more peripheral to the fourth branching bronchus. Tumor histology was determined using the World Health Organization classification. Pathological stage was determined according to the seventh edition of the TNM classification for lung cancer.
A total of 64 patients underwent lobectomy (one or more lobes) with lymph node dissection, and 7 patients underwent segmentectomy with lymph node sampling. The outcomes for all 71 patients were determined over a median follow-up time for surviving patients of 63 months (range: 0 to 186 months).
The following data were extracted and analyzed from patient files: age, sex, smoking index (<1000 vs. ≥1000), pathologic stage (IA vs. IB-IIIB), tumor size (10-20 mm vs. 21-30 mm), nodal status, vessel invasion, pleural invasion, differentiation (well-or moderately-differentiated vs. poorly-differentiated), preoperative serum carcinoembryonic antigen (CEA) levels, and preoperative serum squamous cell carcinoma antigen (SCC) levels.
Serum CEA levels and CEA immunostaining Serum CEA levels were determined as part of the routine preoperative evaluation using a microparticle enzyme immunoassay (MEIA) and Abbot AxSYM instrumentation. To elucidate why serum CEA levels were elevated in patients with small-sized peripherallung squamous cell carcinoma, tumor specimens were immunostained for CEA expression. After pathologic assessment of hematoxylin-and-eosin stained slides of sections of surgical specimens, slides with the largest tumor diameters were selected for CEA immunostaining. Staining of slides from all 65 patients was carried out using EnVision+ kits (Dako, Glostrup, Demark) and an anti-CEA mouse monoclonal antibody (Code 422771; Nichirei, Tokyo, Japan). The percentage of CEA-immunoreactive tumor cells was assessed by a pathologist (Y.I) who was blinded to clinical information. Cases that were examined were classified into 4 groups for analysis, according to percentage of CEApositive cells (0%, 1-5%, 6-50%, >50%).
Statistical analysis
Receiver operating characteristic (ROC) curve analysis was performed to assess the sensitivity and specificity of preoperative serum CEA levels for tumor recurrence. The Youden index was used to identify the serum CEA level cut-off value. The duration of recurrence-free survival was determined from the date of surgery to the date of follow-up or recurrence. Five-year recurrence-free survival was determined using the Kaplan-Meier method. Univariate analyses were performed using the log-rank test, and the Cox proportional hazards model was used for multivariate analysis.
Variables from univariate analysis with a significance level ≤0.10 were entered into the multivariate model, and backward elimination was used to select variables for the final model, which included variables with a significance value of ≤0.05. The chi-square test was used for comparison of proportions. All analyses were 
Results
All patients were smokers. Their clinicopathological characteristics are summarized in Table 1 . The overall 3-and 5-year survival rates of the 71 evaluated patients were 83.9% and 74.7%, respectively. A total of 27 patients died from the following: recurrence (n = 10), perioperative acute lung injury (n = 1), secondary lung cancer (n = 5), other cancers (n = 4), pneumonia (n = 4), and other diseases (n = 3). Because there were more non-disease-specific deaths than diseasespecific deaths, recurrence-free survival rates were used to determine prognostic factors. Recurrence-free 3-and 5-year survival rates were 89.2% and 81.2%, respectively. Twelve patients developed recurrence (16.9%), including 6 locoregional and 6 distant recurrences.
The ROC curve of CEA levels had an area under the curve of 0.680 (P = 0�050, Fig. 1 ). The Youden index identified 4.05 ng/mL as the optimal cut-off CEA value for predicting recurrence. Moreover, to determine the best preoperative serum CEA level cut-off point for the probability of recurrence-free survival, 4 values were evaluated: 3.5, 4.0, 4.5, and 5.0 ng/mL, and 4.0 ng/mL provided the lowest log-rank P -value. For evaluation of preoperative serum SCC levels, a cut-off value of 1.5 ng/mL was used. This value was determined by the serum SCC assay manufacturer, and no other values provided a significant difference in our analysis (data not shown). Univariate analyses of the clinicopathological factors listed in Table 2 showed that pathologic stage, presence of lymph node metastasis, vessel invasion, and serum CEA level (≤4.0 vs. >4.0 ng/mL) were significant prognostic factors, while age was a marginally significant prognostic factor. In contrast, sex, smoking index, tumor size (≤20 vs. >20 mm), lymphatic invasion, pleural invasion, differentiation, and serum SCC level (≤1.5 vs. >1.5 ng/mL) were not significant prognostic factors.
Multivariate analysis showed that age (P = 0�043), lymph node metastasis (P = 0�004), and serum CEA level (P = 0�037) were independent prognostic factors; pathologic stage and vessel invasion were eliminated from the final model (Table 3) . Figure 2 shows the overall survival curves and recurrence-free survival curves grouped by CEA concentrations. There was a significant difference for recurrence-free survival (P = 0�0097), but not for overall survival (P = 0�30). Figure 3 shows the recurrence-free survival curves for pathologic N0 patients with small-sized peripheral squamous cell lung carcinoma grouped by CEA concentrations. There was a significant difference for recurrence-free survival based on CEA levels: patients with CEA ≤4.0 ng/mL (n = 40), 5-year recurrence-free rate = 93�5%; patients with CEA >4.0 ng/mL (n = 14), 5 year recurrence-free rate = 72�7% (P = 0�0160). Among pathologic N-positive patients, there was no significant difference for recurrence-free survival based on CEA levels: patients with CEA ≤4.0 ng/mL (n = 12), 5-year-recurrence-free rate = 66�3%; patients with CEA >4.0 ng/mL (n = 5); 5-year-recurrence-free rate = 21�9% (P = 0�3057).
Sixty-eight percent of the 65 tumors analyzed were positive for CEA staining. The distribution of tumor cells immunoreactive for CEA was significantly associated with serum CEA levels (P = 0�033, Table 4 ).
Discussion
In this study, multivariate analysis identified age, lymph node metastasis, and preoperative serum CEA concentration as prognostic indicators for small-sized (≤3 cm) squamous cell carcinoma of the peripheral lung. Age and lymph node metastasis had also been previously reported to be prognostic factors for squamous cell carcinoma of the peripheral lung.
5�
There have been several studies reporting that age was an independent prognostic factor for non-small cell lung cancer.
5�7-9� Some of these studies also showed that age was an independent prognostic factor for pathologic stage I non-small cell lung cancer. 7�8� Another study showed that younger patients with non-small cell lung cancer had significantly better recurrence-free survival than older patients. The investigators of that study suggested that the reasons that age was an independent prognostic factor might involve the differences between activated oncogenic pathways and the types of tumor microenvironment in young and old patients.
9�
Our study found that the serum CEA level was an independent prognostic factor for patients with smallsized peripheral-lung squamous cell carcinoma. Not only is this the first study to evaluate serum CEA levels in patients with peripheral-lung squamous cell carcinoma, it is also the first to show a significant association between CEA levels and prognosis. Serum CEA levels have been shown to be elevated in patients with squamous cell carcinoma of the esophagus and the uterine cervix.
10-12� Moreover, one report showed that serum CEA was associated with clinical stage and distant metastasis in esophageal cancer, 11� and another report showed that the pretreatment serum CEA level was a prognostic factor in cancer of the uterine cervix.
12� Although no patient in our study had a past history of other carcinomas, because it is sometimes difficult to differentiate histologically between primary squamous cell carcinoma of the lung and metastatic squamous cell carcinoma from other organs, the possibility of metastatic disease should be considered when diagnosing lung nodules associated with high serum CEA levels. Most studies of head and neck squamous cell carcinomas have shown that the serum CEA level was not a prognostic factor, 13�14� and some reports demonstrated that the CEA level was more reflective of the alcohol consumption and smoking habits of their patients than disease status. 15�16� In our study, the serum CEA level was not related to the smoking index.
Elevated serum CEA levels have been observed in some studies of squamous cell lung carcinoma, regardless of tumor location. 17-20� Whether or not the serum CEA level is a prognostic factor for this tumor type remains controversial, and the preoperative serum CEA level cut-off value for squamous cell carcinoma of the peripheral lung has not been clarified.
In this study, the ROC curve of CEA levels for predicting recurrence showed marginally significance (P = 0�050, Fig. 1 ). Although this data did not show CEA levels was an absolutely significant indicator for prediction of recurrence, our results showed a significantly low recurrence-free survival rate for patients whose preoperative CEA concentration was >4.0 ng/mL. It was suggested that the serum CEA levels was one of the promising predictive factors for tumor recurrence in small peripheral squamous cell carcinomas. On the other hand, there was no significant difference for overall survival based on CEA levels. This may be explained the fact that there were more non-disease-specific deaths than disease-specific deaths.
Tomita et al. concluded that the serum CEA level was not a prognostic factor fo squamous cell carcinoma of the lung. 19� In contrast, Tas et al. showed that the serum CEA level was significantly elevated in patients with stage IV squamous cell carcinoma; 17� Kulpa et al. showed that serum CEA levels were significantly different between operable and inoperable patients, 18� and Body et al. showed that an elevated CEA level was an adverse prognostic factor for squamous cell carcinoma of the lung. 20� However, these reports did not separately evaluate central-type versus peripheral-type tumors. In previous reports, the prevalence of peripheraltype lesions among all squamous cell carcinomas of the lung was reported to range from 15% to 30% 3�21� ; thus, the varied results were likely influenced by the predominance of central-type lesions. Compared with the conflicting data from the reports we have described, our study focused on peripheral-type tumors only and found that an elevated CEA level was a prognostic factor.
Some reports have evaluated serum CEA levels in small-sized non-small cell lung carcinomas.
22-24� These studies indicated that the serum CEA level was a good predictor of a poor prognosis; however, the majority of these studies only examined adenocarcinomas. Matsuguma et al. found that the serum CEA level was a useful prognostic factor not only for adenocarcinoma, but also for nonadenocarcinomas, including squamous cell carcinoma and nonsquamous cell carcinoma, in patients with pathologic stage I non-small cell lung cancers. 22� These results plus our findings on small-sized peripheral-lung carcinomas that were not only adenocarcinomas but also squamous cell carcinomas, indicate that the serum CEA level may be a useful prognostic factor.
Our study found that a high serum CEA level was an adverse prognostic factor, particularly for pathologic N0 patients. Some previous studies reported that the serum CEA level was associated with advanced stages of lung squamous cell carcinoma, 17�18� but not with early stages. However, other studies found that the serum CEA level was a prognostic factor for early-stage non-small cell carcinoma or adenocarcinoma.
22-24�
There have been some studies of small-sized peripheral adenocarcinomas reporting that a high serum CEA level was a risk factor for lymph node metastases.
23�25�
In our study, the serum CEA level was not associated with lymph node metastases. Furthermore, smoking index, differentiation, vascular invasion, lymphatic invasion, and tumor size were not associated with serum CEA levels.
Because of our findings, we examined tumor specimens for CEA staining. Limited data on CEA expression in lung cancer specimens are available. Some studies demonstrated tumor CEA positivity in a high proportion of squamous cell carcinomas of the lung.
26-28� Moreover, one study has reported that peripheral-type tumors more frequently expressed CEA than the central type (but the differences were not significant). 28� The results of these studies are similar to our results. In addition, one study found an association between prognosis and the immunostaining pattern of CEA in adenocarcinoma, but we were not able to find any differences in staining patterns in the squamous cell carcinomas of our patients.
26�
Giulia et al. found that CEA expression was significantly associated with serum CEA levels in patients with non-small cell lung carcinoma, but not in patients with squamous cell carcinoma. 26� In our study, however, the distribution of tumor cells immunoreactive for CEA was significantly associated with serum CEA levels (P = 0�033, Table 4 ). We think that the different finding in our study may reflect the fact that we only investigated peripheral-type squamous cell carcinomas.
In conclusion, age, lymph node metastasis, and preoperative serum CEA level are independent prognostic factors for small-sized peripheral-lung squamous cell carcinoma.
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